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Anti-hydrating and Sulfur -resistant Catalyst foe CO-Shift 
Process and Preparation Method Thereof 

Abstract 

The invention relates to a sulfiir-iesistant catalyst for Co shift process and the preparation 
method thereof; comprising cobalt and magnesium compounds as active components, an alkali 
metal compound as promoter, aporous aluminum compound and a porous magnesium compound 
or the combination thereof as the skeletal material of flic carrier, and one or more compounds 
selected fiom the group of rare earth metal compounds, especially nitrates thereof; and zinc 
compounds as the anti-hydration assistant, and the titanium compound, wherein the content of 
said titanium compound in the carrier is controUed in the range of 30-80 wt % based on mass 
percent and calculated as titanium dioxide; and die preparation method as described in the 
specification. 
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The following statement Is a full description of this invention, Including the 
best method of performing It known to me/us:- 
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Aotl-hydrating .«d S«lf«r-res.s..«t C.t.lyst for CO-Shlft Process aod 
Preparation Method thereof 

The present invention relates to a new sulfur-resistant catalyst for CO- 
sMft process and the preparation method thereof, and more particularly, relates 
to an anti-hydrating and sulfur-resistant catalyst for the shift process and the 
preparation method of the catalyst. 

Shift reaction has been Icnown as in.port»t n.ethod for producing 
synthesis gas. For raw materials with high sulfUr content, a sulfUr-res.stant catalyst should 

Cued in^shi^reaCo. Atpresen. the widely used ^'-^^^^ 
temTlan^e shift proce« in industry mostly consist of V-AIA orV-AlA -dT^ 
«„e earth as their carrier. The Chinese Patent CN1018049 disclosed a catalyst conststmg of 
T-AIA as its c^er. Mo and Co as active oon.ponenU ^ alkaU metals as act.vt.y 

promoter said catalyst should be sulfurized at relatively high temperature before use. 

:;t^t :m.5S0 teaches that .erare earth o^eswereadded to t^^ 

ldrdm;.tur;wasble^tose.er. formed into the des.ed shape, calc.^^^^^^^^ 

a carrier and impregnated it with desired amo.ts of the ^^^^^^^'^^ZZ 
molybdenum compounds, which, after calcination, were resolved mto ox,dcs. th^ a Ifi. 
, Te^ Lt shift catalyst was obtained. Although this catalyst could be eas,ly sulfunzed at 
r:^l^^t„re.tshowedpoor*iUty«.rpreve«.inghydration.justas^ 
rt:XePate.tCH10180...thatis.whenusedu„derahighsteampa.^^^^^^^^^ 
Le catalyst would be subject to hydration reaction in a certain extent, resultmg m phase 
ZT^l deactivation of the catalytic. To stabUize the stmcture of the catalys. u^ 
„ Le:highsteampar..pressure.acarHercenais.ag^^^^^^^ 

eanh compounds as activity promoter proposed m the Chinese PMent CN 
has better solved the problem of hydration. Ihis catalyst is c.ass.fied, as non-all^ me d 
^fl resistant shift catalyst for it does not contain aUeaU metal compomuls m 
Ztio. Unfort^ately. however, the co. is relatively high for producmg t^ ca ^y^^ 
30 blse of the beating and kneading processes. In the Chinese "J 
LpUcation Ko. 9610093S.7) a cost-effective .ethod is described which co^ s^^ 
irndingindry state, .reading, calcinating and impregnating. The main^^^^^^ 
catalyst carrier prepared by this patent are MgO and A1,0. wrth a small amount of TiO. 
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The catalyst prepared by this method showed high strength, high stability and good 
regeneration performance which may be the result of the formation of spinel structure 
^ during calcination of MgO and AI3O3. The addition of alkali metal compounds in the 
preparation contributes to the good activity of the catalyst at low temperature, but its anti- 
5 hydratabiiity is poor 

At present, in the projects of "substituting oil with coal" as feedstocks in large-scale 
fertilizer plants and the expansion and revamping of production facilities of medium-scale 
plants, most of them have been designed to choose coal as raw material, 4.0MPa 
gasification unit , three-stage sulfur-resistant shift process (medium temperature shift in 
series with low temperature shift) and followed by methanation purification. In such process 
of low-temperature shifting technology, the catalyst must be operated under the severe 
conditions of high pressure, high steam partial pressure and low temperature, which is often 
in the range of not more than 20X^ from the dew point. That means the sulfur-resistant shift 
catalyst should possess not only good activity at low temperature but also good anti-hydrat 
ability as well as structural stability. 

The aim of the present invention is to provide a catalyst having good 
anti-hydratability, low temperature activity and structural stability, and is free 
20 from hydration and phase change when it is used under the severe conditions 
mentioned above. 

The sulfur-resistant conversion catalyst according to the present invention 
comprises cobalt and molybdenum compounds as active components , an alkali 
metal compound as a promoter, a porous aluminum compound, a porous 
25 magnesium compound or the combination thereof as the skeletal materials of 
the carrier, and one or more compounds selected from the group of rare-earth 
metal compounds, preferably nitrates thereof, and zinc compounds, preferably 
zinc oxide and zinc nitrate, as an anti-hydrating assistant in combination with a 
titanium compound , wherein the content of the titanium compound in the 
30 carrier is controlled preferably in the range of 30wt% 80wt%, calculated 
as TiOj , thus a sulfur-resistant catalyst for CO-shift process is unexpectedly 
obtained having excellent anti-hydratability, good low temperature activity 

2 
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and structural stability. 

The contents of the cobalt and molybdenum compounds as the act e 
components in the catalyst are MoO, 5wt%~ 20wt./. and CoO 0.5wt% ~ wt ^ • 
andL content of the allcali metal promote, in the catalyst is 0.1wt%~20wt>. 
(calculated as oxides), said alkali metal may be potassium or -dtum As fo 
.he selection of the percent ran.e of active -VcNltmr 
promoter, see the Chinese Patent CN1018049. CN1042482 and CN104S 89. 

said porous aluminum compounds used as the skeletal mater.al »n the 
invention may be aluminum hydroxide, pseudoboehmite. gibbsite or alum.na. 
, re erably aluminum hydroxide or pseudoboehmite. Said porous masnestum 
ompounds of the invention may be magnesium hydroxide, ma.nes.u. 
Jonate, magnesium oxide, masnesium nitrate, preferably magnet « 
carbonate or magnesium oxide. The combination of any two or more 
compounds mentioned above may also be used as the skeletal matena. 
, said zinc compounds may be zinc oxide or heat-decomposable .nc 

compounds such as zinc nitrate, zinc carbonate, and the like, wh.ch can be 
aecomposed into zinc oxide when being heated. Said ^^^^^^^ 
used in the invention may be nitrates or oxides of lanthanum, nttrat es or x.d 

. m Jcompou-ds mentioned above, preferably lanthanum nitrate, lanthanum 

compounds is used as the anti-hydration assistant, its 
content should be 0.01wt%~ 10wt% of the total weight of the calc.ned 

carrier, calculated as oxides. 

calculated as oxides . a-^^ia^ u 

The content of the titanium compound calculated as t.tamum d.ox de .s 
preferably in the range of SOwt., ~ SOwtV. of total weight of the calc.ned 

" "^The titanium compounds used in the present invention may be titanium 



dioxide* titanium hydroxide, metatitanic acid» titanium tetraoxide, rutile or 
anatase or the mixture of any two or more substances thereof, preferably 
metatitannic acid. 

The preparation process of the carrier of the catalyst of the present 

S invention is illustrated as follows. Said porous aluminum compounds and 
porous magnesium compounds are mixed with the anti-hydration assistant 
selected from one or more of said rare earth metal compounds, preferably 
nitrates thereof, and said zinc compounds, preferably zinc oxide and zinc 
nitrate, then the resultant mixture is decomposed by calcination, and crushed; 

10 subsequently the resultant mixture is mixed in dry state with the titanium 
compound, and the resultant blend is extruded and calcined to obtain the 
carrier of the catalyst; a co-impregnation solution is prepared by mixing the 
molybdenum and cobalt compounds as the active components and the alkali 
metal compound, and the obtained carrier is impregnated with the resultant 

15 co-impregnation solution, then the impregnated carrier is calcined and 
decomposed to obtain the anti-hydrating and sulfur-resistant conversion 
catalyst of the present invention . 

A peptizer can be added while the mixture mentioned above and the 
titanium compound are mixed. Said peptizer may be nitric acid, the aqueous 

20 solution of nitrates of alkali earth metals, the aqueous solution of nitrates of 
alkali metals, the aqueous solution of sulphates of alkali metals, or the solution 
of any two or more mixtures thereof, preferably nitric acid or the solution of 
potassium nitrate. Said peptizer may also be a solid peptizer, such as oxides of 
alkali earth metals, hydroxides of alkali earth metals or sulfides of alkali earth 

25 metals. 

When the sulfur-resistant conversion catalyst of the present invention is 
used under a severe condition of 20X7 below dew point, no hydration and no 

phase change happen to the catalyst, showing that the catalyst has higher anti- 
hydratability and structural stability, but when the commercial catalysts for 
30 low temperature conversion, e.g. Cjs.i-oi* QCS-02 and EB-4 and the like are 
used under the same conditions, they all suffer from phase change (see 
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appended Fig. 1 )• Furthennore. the preparation process of the catalyst 
:::::Z!o^Hc prcse. i„venUon is si«p.e. as the .eati. a. .nea.n. 
process are exempted . the production cost can be reduced sign.f.cantly 

The following is intended for illustrating further the present .nvenuon .n 
co«hination with the examples and appended drawings, hut the foUow.ng 
examples shall not he construed as limiting the scope of the invention. 

ucatmen. of the catalyst CT-4 of the invention, wherein a: hefore hydrothermal 
treatment; b: after hydrothermal treatment. 

:l.„U, ........ EB^, — f 

. 1 .*.uret r after hydrothermal treatment. 
15 commercial catalyst Cjj.j.oi ^"er nyu 

Fig 3. shows a phase spectrum after hydrothermal treatment of he 
catalysts according to the present invention, wherein ^ ^ 
hydrothermal treatment; b: CT.2 after hydrothermal treatment, c. CT-3 
hydrothermal treatment; d: CT-4 after hydrothermal treatment. 

20 Lj lili 1 rrrpii-*-""«'"""''t*'v''t 

(l)Preparation of the carrier 

TZZ was prepared with lOg of La,0,. and mixed with 200g of 
AUOH), and lOOg of MgCO.. The resultant blend was calcined at TOO^for 2 
. Z and the calcined product was crushed; 400g of 

added to the crushed product, then 10% nitric acid was added; he r s t 
suture was Kneaded and extruded and the extruded bars were calctned a 5 0 
rBventually the catalyst carrier was obtained and marked as carrterZ-l. It, 
composition is shown in Table I. 
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Carrier Z-2 
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The preparation procedures were same as those for Carrier Z-l» except that 
the aqueous solution containing 30g of zinc nitrate was used instead of the 
aqueous solution of LajOj. The catalyst carrier obtained was marked as Carrier 
Z-2. Its composition is shown in Table 1. 
S Carrier Z-3 

The preparation procedures were same as those for Carrier Z-1, except that 
200g of metatitanic acid was used instead of 400g of metatitanic acid and that 
the weight of MgCO, used was Og instead of lOOg. The catalyst carrier 
obtained was marked as Carrier Z-3. Its composition is shown in Table 1. 
10 Carrier Z-4 

The preparation procedures were same as those for Carrier Z-2, except that 
200g of metatitanic acid was used instead of 400g of metatitanic acid. The 
catalyst carrier obtained was marked as Carrier Z-4. Its composition is shown 
in Table K 
15 Carrier Z-5 

The preparation procedures, were same as those for Carrier Z-1, except that 
36g of LajO, was used instead of lOg of LajO, , the weight of Al(OH), used 
was Og instead of 200g» and 200g of titanium hydroxide and 200 g of 
metatitanic acid were used instead of 400 g of metatitanic acid used in Z-1. The 
20 catalyst carrier obtained was marked as Carrier Z-S. Its composition is shown 
in Table 1, 

Carrier Z-6 

The preparation procedures were same as those for Carrier Z-2, except that 



the weight of zinc nitrate used was 90g. lOOg of MgO was used instead of lOOg 
MgC03. and the weight of metatitanic acid used was 200g. The catalyst carrier 
obtained was marked as Carrier Z-6. Its composition was shown in Table 1. 
Carrier Z-7 

5 The preparation procedures were same a. those for Carrier Z-l. except that 

the weight of LaA used was 0.05g. the obtained catalyst carrier was marked 
as Catrrer Z-7. Its composition is-shtwirin-Table 1. 
Carrier Z-8 

The preparation procedures were same asthose for Carrier Z-2. exceprthat 
,0 the weight of zinc nitrate used was Ig. The obtained catalyst carrier was 
marked as Carrier Z-S. Its composition is shown in Table 1 . 
(2)Preparation of the catalyst 

A co-impregnation solution was prepared with 55g of ammonium 
molybdate. S.Og of cobalt nitrate and 50g potassium carbonate, then 50g of 
each of the carriers obtained as mentioned above was impregnated 
respectively in said co-impregnation solution, then calcined and 
decomposed under 400C. to obtain the catalysts which are marked as CT- 

1. CT-2. CT-3. CT-4, CT-5. CT-6 CT-7 and CT-8 correspondingly. 

Example 2 i»»>f«rmance test of the catalyst 

m a pressurized evaluation apparatus packed with the original grains of 
the catalyst, the catalysts of the present invention and the commercial catalysts 
were treated hydrotbermally in a medium consisting of hydrogen and steam 
at a temperature which was 18~20iC apart from the dew point ( i.e. pressure: 
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4.0 MPa, temperature: 220'- 222 X^, space vclocUy: 2000h"\ and a water/gas 
ratio: 0.7) for 72 hours, then phase changes of the catalysts were determined. 
The results are shown in Figs. 1, 2 and 3. From Fig. 1 and Fig. 2» it can be seen 
that no phase change occurred basically and no hydration peaks appeared after 
S hydrothermal treatment of the catalyst CT-4 of the invention. This 
demonstrates that no hydrated aluminum hydroxide was formed after 
hydrothermal treatment, but for all the commercial catalysts Cjs.j.o,, QCS-02 
and EB-4, the hydration peaks (i.e. the peaks appearing between 10" ^ 20' ) 
appeared after hydrothermal treatment, showing the occurrence of hydration of 

10 these catalysts. From Fig. 3, it can be seen that no hydration occurred and no 
hydration peaks formed for all the catalysts CT-1, CT-2, CT-3 and CT-4 of the 
present invention after hydrothermal treatment. 

Then, the strength of each fresh sample, boiled sample and hydrothermally 
treated sample of the catalysts of the present invention and the commercial 

IS catalysts was measured respectively. Data obtained are shown in Table 1, from 
which it can be seen that each of the catalysts of the present invention has not 
only superior initial strength to that of the commercial catalyst C2s.2.o2t but also 
higher strength retention rate after being boiled or hydrothermally treated, 
showing that the catalysts of the present invention have excellent strength 

20 stability. 

Example 3 Running test of the catalysts 

A simulation evaluation of the catalyst CT-4 of the invention was carried 
out under the following conditions, and the results are shown in Table 3. 



Evaluation conditions: the amount of catalyst loaded was 50 ml. and was 
diluted with a-AUO. beads to a total volume of 100 ml in a volume ratio of a- 
AljOj bead/catalyst of 1 : 1. 

Sulfurization conditions: pressnre: l.5Mpa. temperature: 2601C, space 

5 velocity: lOOOh"'. and sulfurizing time: 20 hr. 

Table 1 



Carrier 
No. 


TiOa,vt.% 


U,0„wt.% 


ZnO.wt.% 


KgO,wt.% 


AlA**t-% 


Z-1 


63.3 


1.9 




9.3 


25.4 


Z-2 


62.9 




2.5 


9.3 


25.3 


Z-3 


53.4 


3.3 






43.3 


Z-4 


45.7 




3.6 


13.5 


37.1 


Z-5 


78.2 


9.4 




12.4 




Z-6 


37.4 




9.0 


23.2 


30.4 


Z-7 


64.3 


0.01 




9.6 


26.1 


Z-8 


64.3 




0.09 


9.6 


26.1 
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Table 2 




Hydrothermally 
treated catalyst 



15 
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Table 3 



Pressure 


Space 


Ratio of 




CO 


CO shift 


(MPa) 


velocity 


water/gas 


(•C) 


% (Vol ) 


(%) 










Inlet 


Outlet 




1.5 


1000 


1.0 


260.6 


5.89 


0.47 


91.58 


3.8 


3000 


0.76 


260.0 


5,49 


0,36 


93.11 


3.8 


2000 


0.76 


260.1 


5.41 


0.27 


94.75 


3.8 


2000 


0.63 


260.0 


5.41 


0.30 


94.16 


3.8 


2000 


0.63 


220 


5.20 


0.34 


93.14 


3.8 


2000 


0.63 


215 


5.29 


0.30 


94.04 


3.8 


2000 


0.63 


210 


5.16 


0.28 


94.31 


3,8 


2000 


0.63 


210 


3.77 


0.20 


94.51 


3.8 


2000 


0.63 


210 


1.67 


0.10 


94.52 


3.8 


2000 


0.63 


205 


3.44 


0.21 


93.69 
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•mo c!r.itR3 dsflnir-s *e Invor.Sicn are cs C^Jirv-^: 

claims: 

o. ... ..... .t ..... - " 

10 dioxide . u u 

total weight of the catalyst. 

..„„.■, ... ..V." »»." °" 

potassium or sodium. 

r r\atm^ 1-3 wherein the content 
4. The catalyst according to any one of the claims 1 3. w 

J • n fti «t%~ to wty. of the total weight of 
20 of said rare earth metal compounds ,s 0.01 wt^ 

the calcined carrier, calculated as the oxide. 

5 The catalyst according to any one of the claims 1-3. wherein said ant,- 
..aration assistant is one or more compounds selected from nitrates or oxides 



n 
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of lanthanum, nitrates and oxides of cerium. 

6. The catalyst according to any one of the claims 1-3, wherein said anti- 
hydration assistant is nitrates or oxides of lanthanum. 

7. The catalyst according to claim 6, wherein the content of said nitrates 
5 or oxides of lanthanum is 0.0 1 vft%'^ 1 0 wt% of the total weight of the calcined 

carried, calculated as oxide. 

8. The catalyst according to any one of the claims 1-3, wherein said zinc 
compound is one or more compounds selected from zinc oxide and heat- 
decomposable zinc compounds which can be decomposed into zinc oxide when 

10 being heated. 

9. The catalyst according to any one of the claims 1-3, wherein said anti- 
hydration assistant is zinc nitrate or zinc oxide. 

10. The catalyst according to any one of the claims 1-3, wherein the 
content of zinc compounds is 0.10 wt%^ 10 wt% of the total weight of the 

15 calcined carrier, calculated as oxide. 

11. The catalyst according to any one of the claims 1-3, wherein said 
titanium compound is one or more substances selected from the group 
consisting of titanium oxide, titanium hydroxide, metatitanic acid, titanium 
tetraoxide, rutile or anatase. 
20 12. A method for preparing the sulfur-resistant catalyst for CO-shift 

process according to anyone of claims 1-11, comprising the following steps: 

a. mixing the porous aluminum compound and/or porous magnesium 
compound with one or more compounds selected from the group consisting of 



solid; 



.xlfdrf b.ts to obtain tli« "t^ly" »" 

. p„p.„ng . oo.n,p,ogn.,i.. ..,.ti». ...b -oW"— 

cob... .o»po.nd. « tb. .ctiv. c.„p...... of "•••>"• 

expound. i»p......i.S tb. o.ni=, ob,.i«d i. «.P b) tb. 

„ Tb. «..b.d ...o,di.. t. o..i» .2. .b.t.ib P«™ •>»°"'°" 
„»p.»d. «d 

„uo.od r„« tb. s-P 

p„„dobo.b„U., s.bb.H., .,«»!... M-ido, -.......» 

,s «.tbon.te, m.gii«slum oxid. »»d tb. Ilk.. 

,4 Tb. method ..c.,d,« to c..i. .2, wb.t.i. "id .b.i-byd..tl.. 
„.Ut..t ... »o,. .o„po..d. ..,.ot.d .on, .it»t.. oxid.. of 
Untbannn .nd nlK.t.. ot oxid.. of o.rinm. 

,5 Tb. motbod .....din, t. .Ui» U. »b.r.,. »id .U.ni." 

„ .o.po».d U on. »«.. " 
.„..i„„ oxid.. Uuninm b,d,...d., -.t-t.^.... n"^. •«>•■•«• 

rutile and anatase. 

16. The method according to claim 12. wherein the content of said 
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14. 

rare earth metal compound is 0.0lwt%-10wt% of the total weight of the calcined carrier 
(calculated as oxide). 

17. The method according to claim I2« wherein the content of said zinc compound 
is 0. lwt%-10wt% of the total weight of the calcined carrier (calculated as oxide). 

18. The method according to claim 17, whmin said zinc compound is one or more 
compounds selected from zinc oxide and heat-decomposable zinc compounds which can be 
decomposed into zinc oxide when being heated. 

19. The method according to claim 17, wherein said zinc compound is zinc nitrate 
or zinc oxide. 

20. The method according to claim 12, wherein said rare earth metal compounds are 
nitrates or oxides of lanthanimi. 

21. A suliiir-resistant shift catalyst, substantially as hereinbefore described with 
reference to any one of the examples. 

22. A method for preparing a sulfur-resistant shift catalyst, said method being 
substantially as hereinbefore described with reference to any one of the examples. 

Dated 15 July, 1999 
China Petro-chemical Corporation 

Qllu Petrochemical Corporation, SINOPEC 

Patent Attorneys for the Applicant/Nominated Person 
SPRUSON & FERGUSON 
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